Low birth weight and poor fetal growth affects a significant proportion of newborns and pregnancies worldwide, and have been associated with a risk for impaired neurodevelopment across multiple domains ([@B1], [@B2]) for both individuals born preterm and born term, with a notion that outcomes for those born preterm are likely to be more complex than in those born term.

In the existing literature on neurodevelopmental outcomes, often, small for gestational age (SGA) and fetal growth restriction (FGR) are used interchangeably, but FGR is not the same as SGA. This makes interpretation and comparison of outcome studies often complicated. Study-specific definitions of FGR, SGA and IUGR are included in the tables.

The definition of small-for gestational age (SGA) by the Royal College of Obstetrics and Gynecology (RCOG; <https://www.rcog.org.uk/globalassets/documents/guidelines/gtg_31.pdf>) in the UK, and also the American College of Obstetricians and Gynecologists, refers to a newborn with a weight or abdominal circumference at birth at less than the 10th centile, either according to population based growth charts or centiles that take into account factors such as gestational age, sex, ethnicity, and maternal characteristics. Further, this can be divided into normal (i.e., constitutionally small), non-placenta mediated growth restriction (for example, chromosomal abnormalities, syndromes, infections), and placental mediated growth restriction. Fetal growth restriction implies that the fetus cannot achieve its growth potential, and this is often indicated by abnormal Doppler studies. Over half of those who are SGA have appropriate fetal growth ("constitutional" SGA), although the likelihood of also having FGR is higher in SGA. Fetal growth restriction can be classified into symmetrical (both body weight and head circumference are affected) and asymmetrical (body weight and/or length may be affected, head size is normal) and according to the time of onset of FGR (early, i.e., before 28 weeks of gestation, late, i.e., after 28 weeks of gestation) ([@B3]). Time of onset of FGR is an important factor since early and late onset FGR are distinct phenotypes in terms of placental dysfunction and effects on the brain. Early and late onset FGR affect the brain at different developmental stages and it is therefore likely that different brain regions are affected in a different way, which may partly explain the different outcomes in these two groups ([@B4]). Fetal growth retardation and preterm birth are often associated ([@B5]). Preterm birth *per se* poses a risk for long term neurological and developmental impairment and the combination with FGR is likely to add to this risk, however, it may be difficult to disentangle the effects of FGR from the effect of prematurity, and, indeed there have been somewhat inconsistent and contradictory finding in existing studies.

Studies have reported differences for the above described groups in neurodevelopmental outcomes, generally reporting favorable outcomes for those with constitutional SGA, whereas those with placenta-mediated FGR appear to be at risk for cognitive and/or behavioral problems later in life ([@B6]). In addition, within the FGR group, differences in outcomes are reported between those with symmetrical and those with asymmetrical FGR ([@B7]), although, again, some contradictory study results exist. Overall, existing studies are heterogeneous, for example, with regards to definition of growth restriction and small for gestational age, time of onset of FGR, inclusion and exclusion criteria, outcome measures, all of which makes comparison between studies difficult.

Nevertheless, some common themes emerge and in this narrative literature review we will summarize evidence on neuromotor and cognitive long term outcomes of SGA at birth and after FGR. The focus will be on school age outcomes rather than earlier outcomes as toddler age or adult age outcomes, and this will be described separately for children born at term age and for those born preterm. We considered literature published in the last 15 years. We have excluded studies that included children with underlying chromosomal abnormalities or teratogenic exposure.

Measures Used in Studies on SGA/ FGR Outcomes {#s1}
=============================================

While the use of standardized assessments makes cross-study comparison possible, some of the assessments used were more individual and depended on the study location and specific sample. For example, some studies used information from military conscription ([@B8]), national registers of learning disability ([@B9]), and/or and information extracted from medical records ([@B10]).

Neuromotor and neurosensory outcomes are described in some, but not all, studies. In the studies that did describe neuromotor outcomes, only seldom a standardized approach was applied for neurological examination. Diagnosis of Cerebral Palsy (CP) was either based on direct neurological examination assessing posture, movements, muscle tone, and reflexes, or on information extracted from medical notes. In a few studies, and when diagnosis was based on examination, the Surveillance of Cerebral Palsy in Europe (SCPE) criteria for CP were used ([@B11]). Functional impairment in those with CP was not always defined, but in some studies the Gross Motor Function Classification System (GMFCS, ([@B12]) was used for overall motor function classification. In one study, independently of a diagnosis of CP, gross motor function was assessed using the GMFCS, and hand function using the Manual Ability Classification System ([@B13]). The most commonly used tool for assessment of motor skills was the Movement ABC for Children ([@B14]), a standardized tool, which assesses dexterity, balance skills, and ball skills. Another standardized test, the Peabody Developmental Motor Scales ([@B15]), testing reflexes, stationary, locomotion, object manipulation, grasping, and visual-motor integration, has also been used.

Very rarely are visual function and hearing function described specifically, and, if so, this information was mainly extracted from medical records and reported as a binary outcome (impairment/no impairment).

For outcome measures used to assess general cognitive abilities and specific cognitive functions, there was a large and heterogeneous range of assessments reported, but most of the outcome measures used were standardized neuropsychological tests and questionnaires. For assessing general intellectual functioning, the most frequently used assessment was the Wechsler Intelligence Scale set, most commonly the Wechsler Intelligence Scales for Children (WISC) ([@B16]), but also the Wechsler Abbreviated Scales of Intelligence (WASI) ([@B17]), and the Wechsler Preschool and Primary Scale of Intelligence (WPPSI) ([@B18]). The Wechsler Scales assess performance across cognitive domains and usually include an overall IQ score, and performance and verbal IQ scores. General intellectual functioning was also assessed using the Kaufman ABC ([@B19]). More focused neuropsychological assessments were used to examine specific aspects of performance, including attention (the Test of Everyday Attention in Children---TEA-Ch) ([@B20]), memory (Rey\'s Auditory Verbal Learning Test---RAVALT) ([@B21]), and design copying of the Rey Ostereith figure ([@B22]). Executive functioning was assessed using the NEPSY ([@B23]), and parental ratings of children\'s behavior were also employed. Children\'s executive functioning at home and/or at school were assessed using the Behavior Rating Inventory of Executive Function (BRIEF) ([@B24]). The Strengths and Difficulties Questionnaire (SDQ) ([@B25]), a brief behavior screening questionnaire, has parents and/or teachers rate children on emotional symptoms, conduct problems, hyperactivity/inattention, peer relationship problems, and prosocial behavior.

The development of typical and atypical social behavior was assessed using the Social Responsiveness Scale (SRS) ([@B26]), and screeners for autism included the Social Communication Questionnaire (SCQ) ([@B27]) and Autism Diagnostic Observation Schedule (ADOS) ([@B28]).

School Age Outcomes of SGA and/or FGR in Children Born at Term {#s2}
==============================================================

The study of neurocognitive outcome after fetal growth restriction in term infants is not subject to the same confounding factors as that in preterm infants because many of the mechanisms that affect preterm birth do not affect term infants. Nevertheless, with studies using different indicators of growth restriction, such as strict SGA criteria or birth weight as a continuum, it can be difficult to make cross study comparisons. [Table 1](#T1){ref-type="table"} reports study details from studies that examined school age neurocognitive outcome of SGA and/or FGR in the past 15 years. Of these, most studies defined SGA as birth weight \<10th centile ([@B9], [@B10], [@B32], [@B37]--[@B40], [@B46], [@B48], [@B49]). Two studies assessed growth in head circumference from the prenatal period and/or birth to later childhood ([@B34], [@B36]). Three studies defined FGR in relation to birth weight standard deviation scores ([@B8], [@B44], [@B48]). Thus, there is disparity with the definition of SGA and FGR across studies that could affect the results. Only 2 studies included information on placental insufficiency, which would allow FGR to be identified rather than babies being SGA ([@B38], [@B40]). Furthermore, some of the studies of term born children also include a proportion of preterm babies ([@B8], [@B40], [@B44]).

###### 

Included studies for term born children.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **References**             **Study type**                                                                                                                                                                                                                **Definition of fetal growth**                                                                                                                                                                               **Participants**                                                                                                            **Neurology/Neuromotor function**                                                                                                          **Cognitive/behavior Outcome measure**                                                                                                                                                                                                                                                                                                       **Cognitive/behavior findings**                                                                                                                                                                                                                                                                                                                                                                                                  **Conclusion**
  -------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Beukers ([@B29])           Prospective follow up study comparing term FGR and term AGA children                                                                                                                                                          BWt ratio \<10th centile; BWR calculated as BW/expected weight for GA, using the Gardosi customized fetal growth chart 50th centile values ([@B30])                                                          96 term children with FGR; 32 term and birthweight\                                                                         Not assessed                                                                                                                               *Child assessment:* IQ--Wechsler Intelligence Scale for Children (WISC). Executive Functioning-- Impulse control (stop task); Verbal working memory (WISC Digit span); Visual working memory (Spatial Temporal Span of the Amsterdam Neuropsychological Tasks--ANT); set shifting (Shifting visual set--ANT); planning (Tower of London).\   No difference in IQ, executive functioning, attention or parent rating of EF between FGR and controls.\                                                                                                                                                                                                                                                                                                                          Neurocognitive outcomes including IQ, executive function, memory and attention comparable in FGR children AGA controls\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        ≥ 2,500 g\                                                                                                                                                                                                                                                             *Parent ratings:-* Behavior Rating Inventory of Executive Functions Dutch version (BRIEF)                                                                                                                                                                                                                                                    Parent report FGR children more social and attention problems                                                                                                                                                                                                                                                                                                                                                                    Parent ratings suggested elevated levels of social and attention problems
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        BY 200--2003\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age at assessment: 12 y                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Emond ([@B31])             Population based cohort, north east Brazil                                                                                                                                                                                    Low BW: BW 1,500--2,499 g (*n =* 202)\                                                                                                                                                                       Born ≥37 wGA\                                                                                                               Neurological status (muscle tone, focal neurological signs)\                                                                               WISC-III for Full Scale IQ, Performance IQ, Verbal IQ\                                                                                                                                                                                                                                                                                       After controlling for socio-economic background no significant difference between BW groups for IQ scores, memory function\                                                                                                                                                                                                                                                                                                      Low birth weight not associated with general cognitive abilities, except selective attention.\
                                                                                                                                                                                                                                                           Appropriate BW: BW 3,000--3,499 g (*n =* 212); matched for sex and month of birth                                                                                                                            BY 1993--1994\                                                                                                              M-ABC for neuromotor function\                                                                                                             Memory (auditory and verbal) assessed with WISC-III subtests\                                                                                                                                                                                                                                                                                Significant differences between BW groups for dynamic balance skills and eye-hand coordination, selective attention; peer relationships\                                                                                                                                                                                                                                                                                         Neuromotor function poorer in low birth weight children.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age at assessment: 8 y\                                                                                                     *Findings:* No significant difference in frequency of focal neurological signs                                                             TeaCH for attention abilities\                                                                                                                                                                                                                                                                                                               Head size at birth, age 6 m and 8 y significantly associated with IQ age 8 y                                                                                                                                                                                                                                                                                                                                                     Post-natal head growth more important than birth weight.
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        40% of original cohort assessed (*n =* 83 low birth weight; *n =* 81 appropriate birth weight)\                                                                                                                                                                        SDQ for behavior                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Analyses adjusted for socio-economic background variables\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Additional analyses performed to examine head size at birth, age 6 m and 8 y with IQ at age 8 y                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Fattal-Valevski ([@B32])   Prospective follow-up study                                                                                                                                                                                                   BW \<10th centile for GA according to Israeli birth weight curves ([@B33]); Growth data (weight, height, head circumference) from 1 to 2 y, 2--6 y, and 6--9 y                                               136 IUGR children\                                                                                                          Neurodevelopmental examination score including soft neurological signs. Score expressed as percentage of optimal items out of the total.   Short term memory, coordination skills; IQ assessed by the Wechsler Intelligence Scale for Children---revised (WISC-R)                                                                                                                                                                                                                       BW, BL and GA positively correlated with 9--10 y neurodevelopmental score\                                                                                                                                                                                                                                                                                                                                                       Correlation of IQ with BW, BL but not GA suggests that there is better outcome for IUGR children delivered early\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        BY 1992--2002\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      BW, BL, but not GA, positively correlated with 9--10 y IQ scores\                                                                                                                                                                                                                                                                                                                                                                Correlation of GA with neurodevelopmental score, suggests prematurity affects other areas of development
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age at assessment: Annual follow-up from birth; current assessment 9--10 y                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Better outcome for those with asymmetric IUGR than symmetric                                                                                                                                                                                                                                                                                                                                                                     

  Gale ([@B34])              Prospective cohort study                                                                                                                                                                                                      HC growth--expressed as Standard Deviation Score (SDS), measured at 18 weeks gestation and birth, and 9 y, using the British 1990 growth reference data ([@B35])                                             221 children assessed at 18 weeks gestation, births, 9 months and 9 years\                                                  Not assessed                                                                                                                               Wechsler Abbreviated Scales of Intelligence (WASI)---Full Scale IQ (FSIQ), Verbal IQ (VIQ) and Performance IQ (PIQ)                                                                                                                                                                                                                          No significant associations between head circumference at 18 weeks gestation or birth and 9 years old IQ scores.\                                                                                                                                                                                                                                                                                                                Post-natal brain growth is more important than prenatal brain growth for IQ\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        BY 1992--1994\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Post-natal head group was associated with IQ. After adjusting for sex, FSIQ, VIQ and PIQ increased with each SD increase in head circumference up to 9 months, and to 9 years. The highest FSIQ were observed in children who had large increases in HC between birth and 9 months, and a further increase between 9 months and 9 years. This was not linked to maternal or home characteristics other than maternal education   Post-natal head growth greater in children of mothers educated to degree level, or of higher SES
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age at assessment: 9 y                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Gale ([@B36])              Prospective cohort study -- the Avon Longitudinal Study of Parents and Children cohort (ALSPAC). The cohort studied is the Children in Focus cohort -- a random 10% selected from ALSPAC.                                     HC growth - measured at birth, 4, 8, 12, 25, 31, 37, 43, 49, 61, and 96 months.\                                                                                                                             633 children\                                                                                                               Not assessed                                                                                                                               IQ assessed by Wechsler Intelligence Scale for Children (WISC) at 8 years                                                                                                                                                                                                                                                                    Children with larger HC had higher IQ scores\                                                                                                                                                                                                                                                                                                                                                                                    Above average head growth during infancy associated with above average IQ scores at 8 years\
                                                                                                                                                                                                                                                           HC in analyses --birth, 1, 4, and 8 years---expressed as z scores obtained from the study group. Growth between time points calculated                                                                       BY 1991--1992\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      For each 1 SD increase in HC-- after adjusting for gender, GA, parental factors---FSIQ, VIQ and PIQ increased age 8 years\                                                                                                                                                                                                                                                                                                       Post-natal brain growth during infancy more important to later IQ than growth at other times\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age at assessment: 8 y                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              IQ at 8 years was associated with HG during infancy                                                                                                                                                                                                                                                                                                                                                                              Brain growth after infancy may not compensate for slower growth in the first year of life

  Geva ([@B37])              Population based prospective follow up study of single center (Tel Aviv, Israel)                                                                                                                                              BW \<10th centile for GA according to Israeli birth weight curves ([@B33]), those with genetic disorders and unrelated co-morbidities excluded                                                               110 IUGR children born at term, 63 control AGA children BY 1992--1995 Age at assessment: 9 y                                Not assessed                                                                                                                               Visual aural digit span test for digit span---aural-oral, visual-oral, aural-written, visual-written; RAVLT (superspan list learning test); Rey Osterreith Complex Figure test (ROYCF)                                                                                                                                                       Learning functions over trials were similar for IUGR and controls on RAVLT. IUGR children performed more poorly than controls on ROYCF. IUGR children worse performance on immediate digit span than controls. Performance on digit span output mode did not differ between IUGR and control. IUGR children have memory problems particularly when the input is aural.                                                           Memory difficulties in children born IUGR in the short term, not observed in later stages of learning (i.e., processing, consolidation and retrieval not affected)\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Difficulties when recalling both verbal and complex visuo-spatial material

  Geva ([@B38])              Population based prospective follow up study of single center (Tel Aviv, Israel)                                                                                                                                              BW \<10th centile for GA according to Israeli birth weight curves ([@B33]), those with genetic disorders and unrelated co-morbidities excluded                                                               138 IUGR children born at term, 64 control AGA children\                                                                    Not assessed                                                                                                                               VADS Digit span--aural-oral, visual-oral, aural-written, visual-written; IQ assessed by Wechsler Intelligence Scale for Children--revised (WISC-R)                                                                                                                                                                                           IQ significantly lower in IUGR group. IUGR children performed worse than controls on verbal STM tasks.                                                                                                                                                                                                                                                                                                                           Short term memory difficulties in IUGR children are particularly observed when material presented aurally and oral response required\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        BY 1992--1995\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       General cognitive performance also poorer in IUGR children relative to controls
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age at assessment: 9 y                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Lawlor ([@B39])            Single center, population based prospective birth cohort -Aberdeen Children of the 1950s cohort.                                                                                                                              IUG rate measured as BW standardized for gender and GA.\                                                                                                                                                     9,792 singleton children and 1,645 sibling pairs\                                                                           Not assessed                                                                                                                               General ability measured by the Moray House picture test (MHPT)                                                                                                                                                                                                                                                                              Positive linear association between BW and MHPT, even when adjusted for SES, Maternal height and age, gender and GA.\                                                                                                                                                                                                                                                                                                            While BW correlates with general cognitive ability within-sibling analyses suggest that associations between AGA status and cognitive ability in singletons is explained by within family factors, including SES, parental education and intelligence, genetic factors and fixed maternal factors
                                                                                                                                                                                                                                                           SGA calculated as BW \< 10th centile, using a customized birthweight-for-gestation standard for the whole cohort                                                                                             BY 1950--1956\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Within sibling comparison of SGA vs. AGA showed no difference in MHPT scores. If AGE compared to SGA outside of sibling pairs, AGA performed more poorly                                                                                                                                                                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age at assessment: 7, 9 and 11 y                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Leitner ([@B40])           Prospective birth cohort                                                                                                                                                                                                      BW \< 10th centile for gestational age, according to the Israeli percentile curves published by Lieberman et al. ([@B33]).\                                                                                  123 children with IUGR and 63 AGA controls, 30% of the sample were preterm\                                                 Neurological examination from birth, follow-up and at 9--10 years. 72 item examination.\                                                   IQ assessed by Wechsler Intelligence Scale for Children (WISC), School achievement by Kauffman Assessment Battery for Children (K-ABC)                                                                                                                                                                                                       IUGR children performed more poorly than AGA controls on IQ and school achievement, where learning difficulties, particularly language-based difficulties were observed.\                                                                                                                                                                                                                                                        Children with IUGR perform more poorly than their AGA peers on tests of IQ, school achievement, and neurological examination. Early growth ameliorates these group differences
                                                                                                                                                                                                                                                           Late onset IUGR (mid 2nd to 3rd trimester; verified by fetal ultrasound)                                                                                                                                     BY 1992--2002\                                                                                                              At age 9 years assessment of co-ordination skills, tone, timed performance, graphomotor skills.\                                                                                                                                                                                                                                                                                                                                                                                        Attention span, speech and language abilities were poorer in the IUGR group.\                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age at assessment: 9--10 y\                                                                                                 *Findings:* IUGR group poorer performance in coordination, timed performance, graphomotor skills; lower muscle tone                                                                                                                                                                                                                                                                                                                                                                     Subgroup analyses compared IUGR children whose height, weight and head circumference were above ("optimal") or below ("suboptimal") the 10th growth percentile at age 9--10 years--the "suboptimal" catch up group performed worse in neurodevelopmental and cognitive tests than "optimal" group                                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Children with CP or severe neurological deficits were excluded                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  Leonard ([@B9])            Population-based record linkage study of children in Western Australia born 1983--1992 with intellectual disability of unknown cause                                                                                          Percentage of optimal birthweight (POBW) categorized as %--POBW \<85% was equivalent to \<10th centile of optimal BW based on data from the 1998--2002 Western Australia birth cohort ([@B35])               2,865 children with intellectual disability, including both term and preterm children\                                      Not assessed                                                                                                                               Registrations with the Disability Services Commission or educational services defined as "mild to moderate" (85.9%), "severe or profound" (7.4%), Autism spectrum disorder (6.7%)                                                                                                                                                            In infants born at term, less than optimal fetal growth (POBW \< 85%) was associated with "mild to moderate" intellectual disability, POBW \< 75% was associated with "severe" intellectual disability. These were after adjusting for factors including SES and paternal occupation                                                                                                                                             Less than optimal uterine growth associated with intellectual disability in term born children.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        BY 1983--1992                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        This persists after adjusting for sociodemographic factors. Severe growth restriction in term children associated with severe intellectual disability

  Lundgren ([@B8])           Population based cohort study of singleton male infants born from 1973 to 1976 and alive aged 18 years                                                                                                                        "Light for gestational age" defined as \> −2 SDs from mean BW for GA, AGA defined as between −2 and +2 SDS, "heavy for GA" defined as \> +2 SDs from mean BW according to Swedish birth standards ([@B41])   168,068 males conscripted for national service\                                                                             Not assessed                                                                                                                               General intellectual performance assessed on four dimensions, logical/inductive, verbal, spatial and theoretical/technical                                                                                                                                                                                                                   Being born SGA associated with increased risk of subnormal performance on all outcome measures compared to those born AGA\                                                                                                                                                                                                                                                                                                       Being born SGA associated with increased risk of impairment on logical/inductive, verbal, spatial and theoretical/technical dimensions of intellectual performance
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        BW 1973--1976\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      SGA and small HC conferred additional risk of subnormal logical performance, SGA and short adult stature associated with a 40--50% increased risk in all outcome measures                                                                                                                                                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age at assessment: 18--25 y\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        This study includes term and preterm adults                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Sommerfelt ([@B42])        Multicenter study on causes and consequences of *in utero* growth retardation, the NICHD Study of Successive Small-for-Gestational Age Births (NSSSAB) 3 geographical Scandinavian regions; mothers recruited before 20 wGA   SGA = BW were \<15th centile for gestation according to reference standards from the Norwegian Birth Registry ([@B43]); above 15th centile AGA                                                               321 SGA and 312 AGA (78% of eligible children)\                                                                             PDMS for balance, eye-hand coordination, locomotor abilities., Grooved Pegboard test for manual dexterity\                                 WPPSI for IQ scores (Verbal IQ, Performance IQ)\                                                                                                                                                                                                                                                                                             No significant difference in IQ scores, memory tests\                                                                                                                                                                                                                                                                                                                                                                            SGA group differs little from AGA peers on neuropsychologic profile and neuromotor outcome\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Recruitment \<20 w GA between January 1986 and March 1988 Age at assessment: 5 y                                            *Findings:* Motor problems more frequent in SGA group but no significance group difference                                                 Norwegian version of the Illinois Test of Psycholinguistic Abilities for receptive language and short-term memory                                                                                                                                                                                                                            SGA with poorer motor performance lower scores on tests of visuospatial, manual dexterity, and verbal function                                                                                                                                                                                                                                                                                                                   SGA group weakness in visuo-spatial skills and manual dexterity

  Tanis ([@B44])             Population based regional cohort---subgroup (Longitudinal Preterm Outcome Project study), Netherlands                                                                                                                         BW \< −1 SD and BW \> −1 SD according to GA; Dutch Kloosterman curve ([@B45]). Cut-off for SGA (\> 1 SD, below the 16th percentile) according to Etude Epidemiologique sur les Petits\                       42 SGA children (10 full term) and 336 AGA children (120 full term), Analyses combine MPT and term --GA range is 31--41.\   Motor outcomes assessed by Movement Assessment Battery for Children (M-ABC)\                                                               Full Scale IQ scores (FSIQ) from the Wechsler Intelligence Scale for Children (WISC).\                                                                                                                                                                                                                                                       No differences between AGA and SGA children on FSIQ, attention, verbal memory, visuomotor integration, executive functioning.\                                                                                                                                                                                                                                                                                                   SGA and AGA children similar on IQ, verbal memory, executive functioning and movement tests, but SGA children more likely to be in the abnormal range on attention control
                                                                                                                                                                                                                                                           Ages Gestationnels study                                                                                                                                                                                     Both SGA and AGA groups consisted of mostly preterm children\                                                               *Findings:* No significant difference in motor skills between AGA and SGA group                                                            Selective attention and Attention control assessed by the Test of Everyday Attention in Children (TEA-Ch).\                                                                                                                                                                                                                                  SGA children 4 times more likely to be in the abnormal range on the Attention Control measure than AGA children                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        BY 2002--2003\                                                                                                                                                                                                                                                         Verbal memory assessed using Rey\'s Auditory Verbal Learning Test (RAVLT).\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age at assessment: 7 y                                                                                                                                                                                                                                                 Visuomotor integration assessed by Neuropsychological Assessment.\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Executive functioning in daily life assessed by the Behavior Rating Inventory of Executive Function (BRIEF)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

  Theodore ([@B46])          Case-control follow up study                                                                                                                                                                                                  SGA defined as BW \< 10th centile for GA for New Zealand standards ([@B47])                                                                                                                                  241 SGA children and 348 aGA controls\                                                                                      Not assessed                                                                                                                               Full Scale IQ scores (FSIQ) from the Wechsler Intelligence Scale for Children (WISC)                                                                                                                                                                                                                                                         No significant difference in FSIQ between SGA and AGA children. In the whole sample, parental education and birth order were associated with FSIQ                                                                                                                                                                                                                                                                                No long term negative effect of being born SGA on FSIQ scores
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        BY 1995--1996\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age at assessment: 7 y                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*AGA, appropriate for gestational age; BW, birth weight; BL, Birth Length; BY-birth year; FGR, fetal growth restriction; GA, gestational age; HC, Head Circumference; IUGR, intrauterine growth restriction; POBW, Percentage of optimal birthweight; SES, socio-economic status; SGA, small for gestational age; w, week; y, year. ANT, Amsterdam Neuropsychological Tasks; CP, Cerebral Palsy; BRIEF, Behavior Rating Inventory of Executive Function; K-ABC, Kaufmann Assessment Battery for Children; M-ABC, Movement ABC for Children; MHPT-Moray House Picture Test; NEPSY, A Developmental NEuroPSYchological Assessment; RAVLT, Rey\'s Auditory Verbal Learning Test; ROYCF-Rey Osterreith Complex Figure test; PDMS, Peabody Developmental Motor Scales; SDQ, Strengths and Difficulties Questionnaire; STM, short term memory; TeaCH, Test of Everyday Attention in Children; VADS, Visual aural digit span test; WASI, Wechsler Abbreviated Scales of Intelligence; WISC, Wechsler Intelligence Scales for Children; WISC-R, Wechsler Intelligence Scale for Children -- revised; WPPSI, Wechsler Preschool and Primary Scale of Intelligence; WRAT, Wide Range Achievement Test. IQ, Intelligence Quotient Score; FSIQ, Full Scale IQ Score; PIQ, Performance IQ Score; VIQ, Verbal IQ score. The terms SGA, IUGR, FGR were used as in the study that is described*.

Neuromotor Outcomes
-------------------

Studies assessing only children with CP are reported here and not included in the table ([@B10], [@B48], [@B49]). An association between Cerebral Palsy (CP) and having been born SGA and/or FGR has been reported for children born at term in outcome studies on SGA and/or FGR, and data from Cerebral Palsy registers support this association ([@B11], [@B50], [@B51]). Whether FGR leads to CP or whether abnormal brain development that causes CP leads to FGR is debated.

The Surveillance of Cerebral Palsy in Europe ([@B11]) group report an increased risk of CP, across the gestational age range, for those born below the 10th centile and above the 97th centile \[using the North of England standard ([@B52]) and fetal growth standard by Maršál et al. ([@B53])\]. Data from the Canadian Cerebral Palsy Registry ([@B10]) and from other reports based on CP registry data ([@B49], [@B50], [@B54]) show that those with CP who were born term and SGA compared to those with CP born AGA had more frequently intrauterine infections, small head circumference at birth, maternal gestational hypertension, placental abnormalities, perinatal asphyxia, and delivery by emergency cesarean section, amongst other risk factors, such as birth defects (congenital microcephaly, teratogenic, genetic, and syndromal) as reported by Blair et al. ([@B48]), for the Australian CP register cohort. This illustrates that it has to be kept in mind when interpreting findings on associations between SGA and/or FGR with CP that SGA populations in CP registers tend to include a heterogeneous group of SGA children, i.e., also children who had other risk factors for SGA and/or FGR than placenta-mediated FGR.

Many of the prospective follow-up studies examining neurodevelopmental outcomes of SGA and/or FGR at term excluded children with CP or other co-morbidities, and of those that did not exclude them, few reported on the presence or absence of CP, or neurological signs in the absence of CP. Leitner et al. ([@B40]) compared the occurrence of neurological signs in the absence of CP in children who were born with BW \<10th centile with a group of children born AGA at age 9 years; all SGA children had onset of FGR in the mid-second to third trimester, verified by fetal ultrasound, and all had asymmetric FGR. They found a significant difference in the quality of neurology between those born after FGR and those born AGA, with poorer scores for to motor coordination, timed coordination performance, grapho-motor skills and lower muscle tone in the FGR group. Similarly, Emond et al. ([@B31]), who used the M-ABC at age 8 years found, after controlling for socio-economic variables, significantly lower scores for dynamic balance and eye--hand coordination in those born SGA (\<10th BW centile) but similar performance to those born AGA for manual dexterity. Tanis et al. ([@B44]), in contrast, did not find a significant difference between a group of children born at term and SGA and a group born AGA at the age of 7 years when assessed with the M-BAC (dexterity, balance, ball skills) and on tests of visuo-motor integration. The findings by Tanis et al are consistent with those by Sommerfelt et al. ([@B42]), in 5 years old children born \<15th centile (Norwegian Birth Registry standards), who did not find significantly poorer performance in the SGA group when compared to the AGA group on testing with the M-ABC.

Cognitive and Behavioral Outcomes
---------------------------------

In the reviewed studies, many different measures of neurocognitive outcome were employed, which can lead to difficulties summarizing results across studies. With this in mind, the first outcome to be discussed is that which was most commonly used across the reviewed studies---general intellectual functioning. IQ scores acquired from the Wechsler tests were the most commonly reported general cognitive outcome measures ([@B29], [@B31], [@B32], [@B34], [@B36], [@B40], [@B42], [@B44], [@B46]). There was some cross-study consensus about the effect of fetal growth restriction at term on Wechsler derived IQ scores, with three studies reporting that term FGR children\'s IQ scores were no different from those of control children ([@B29], [@B42], [@B44], [@B46]). In contrast, one study reported that FGR children\'s IQ scores were significantly lower than controls ([@B40]), but it should be noted that this study included both term and preterm children and thus this finding may not be isolated to term FGR children. One study found significant positive correlations between IQ scores and birth weight ([@B32]). A further two studies used head circumference at birth as an indication of fetal growth restriction ([@B34], [@B36]) and found that, for optimal IQ scores in later childhood, post-natal head growth in term born children was more important than prenatal head growth ([@B34]). In addition, the amount of post-natal head growth in term born children was greater for children whose mothers had been educated to degree level, or whose families had higher SES, which could be a consequence of cognitive stimulation and could also be linked to better nutrition ([@B34]). General intellectual functioning was also assessed by standardized measures other than the Wechsler range of tests, including the Kauffman ABC ([@B40]) and the Moray House picture test ([@B39]). Term children with FGR showed weaker performance than controls on both these assessments. In addition, higher levels of learning difficulties were reported, particularly language-based difficulties, and these were reflected by parental report of increased incidence of special educational needs interventions, particularly remedial education, neurological follow up, speech therapy and psychological intervention ([@B40]). However, this sample included 30% preterm children. While scores on the Moray House picture test were not affected by AGA status, birth weight as a continuous variable was associated with scores ([@B39]).

Taken together, the most common finding is that being born SGA at term does not impact significantly negatively on general intellectual functioning. The majority of studies that specifically examine FGR term children report similar performance on IQ-type measures as those found in controls ([@B29], [@B39], [@B44], [@B46]). Two studies reported that FGR term children have lower general intellectual functioning than controls ([@B39], [@B40]), but one of these studies also included a minority of preterm children, whose presence could account for these results ([@B40]). The other of these two studies ([@B39]) reported on children with late onset IUGR (occurring in the second to third trimester), thus it is possible that differences in the timing of growth restriction across studies impacts on the reported outcome; as not all studies reported the time at which growth restriction occurred, this interpretation is speculative. Birth weight correlates with later IQ scores in some studies ([@B32]), but not all ([@B31]), but other studies have reported that this occurs even in the normal birth weight range and therefore is not specific to FGR children ([@B55]).

As well as assessing performance on tasks measuring general intellectual functioning, the reviewed studies considered the effect of being born SGA at term on a range of more specific cognitive processes. However, as there was little consensus in either the aspects of cognition examined or the tests used, it is not possible to draw strong conclusions about specific outcomes, but any trends in the literature are considered here. Three studies examined memory processes ([@B29], [@B38], [@B44]). There was no difference between FGR term children and AGA term controls on a standard, orally presented digit span test or visual working memory ([@B29]), or differences between SGA and AGA children on a verbal list learning task (RAVLT) ([@B44]), although it should be noted that this latter study included both preterm and term SGA children. When performance on a digit span test that systematically varied both the presentation and recall of numbers was examined, the performance of FGR children was characterized by particular difficulty when the presentation was aural and children were required to make an oral response ([@B38]). While these findings require corroboration, they could have implications for classroom teachers as they suggest it might be more useful for children with FGR ifs teaching materials were non-aural (e.g., written/picture material) and children\'s responses should not always require them to speak aloud, but perhaps make written responses instead.

Two studies explored whether term born SGA children experience difficulties with executive functions, which describes a range of cognitive functions whose neural correlate lies in the frontal lobes and are involved with cognitive control of behavior ([@B56]). Executive functions are assessed both by performance on neurodevelopmental assessments, and also by questionnaire based rating scales, often completed by parents, which given an indication of how poor executive control can affect children\'s daily lives. The evidence on the effects of FGR on term born children\'s executive functioning was limited and mixed. For example, no differences in performance between FRG and AGA controls were found on a measure of impulse control (stop task) ([@B29]), and no differences between term SGA or term AGA on the parent rating form the BRIEF ([@B44]). However, SGA children were four times more likely to be in the abnormal range on TEA-Ch Attention Control compared to AGA children ([@B44]), although it should be noted that this sample included children born at term or preterm. Even in term born children without growth restriction, head circumference at birth and head circumference to length ratio at birth were predictive of ADHD symptoms at age 5 to 6 years ([@B57]). Term born low birth weight children had particular problems with attention ([@B31]). Thus, there is limited evidence in terms of the number of studies and within these studies, there is no reliable pattern of results on executive functions in term born FGR children. There were other measures assessed in individual studies only, with no cross-study comparison possible. For example, the presence of communication problems identified from children\'s medical charts did not differ between AGA and SGA term children who had CP ([@B10]).

Some of these studies of term born SGA children highlight the period of catch up growth that is particularly important for long term neurocognitive outcome. General intellectual functioning in childhood is influenced by early brain growth--indexed by growth in head circumference--that occurs in infancy. For example, IQ score at 8 years was associated with greater than expected head growth during infancy, rather than head circumference at birth ([@B31], [@B36]), catch up growth at 2 years predicted 9--10 years IQ scores ([@B40]). Later growth is also important for IQ; children with optimal somatic catch-up growth at age 9--10 years, but not 2 years (defined as \>10th centile in height, weight and head circumference) had significantly higher scores on neurodevelopmental and cognitive tests at 9--10 years than children with suboptimal catch-up growth (defined as \<10th centile in height, weight or head circumference) ([@B40]). However, there seem to be better outcomes for term born children with asymmetric FGR, which favors head growth over the rest of the body, compared to children with symmetric FGR ([@B32]); this suggests sparing of the head, a neuroadaptive modification to conserve the developing brain.

School Age Outcomes of SGA and/or FGR in the Context of Preterm Birth {#s3}
=====================================================================

Neurodevelopmental outcome of SGA and/or FGR in preterm (born \<37 w GA; very preterm = born \<32 w GA; extremely preterm ≤28 wGA at birth) infants is difficult to study since there it is complicated separate the effects of SGA/FGR from the consequences of preterm birth *per se*. The majority of studies investigating school age outcomes of SGA or/and FGR in preterm born children have excluded children with congenital abnormalities, congenital infections, chromosomal abnormalities, or syndromes. However, only in some studies detailed information on antenatal growth is available, and seldom are SGA and FGR clearly distinguished and examined separately; some studies may include constitutionally "small at birth" children. Definitions of SGA and growth references used differ between studies. All this is likely to affect study findings and needs to be kept in mind when interpreting and comparing results from different studies.

[Table 2](#T2){ref-type="table"} provides study details from 10 studies on neurocognitive outcomes in preterm school aged children, the majority of which are population based studies that examined outcomes of FGR or SGA published in the past 15 years.

###### 

Included studies for preterm born children.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **References**          **Study type**                                                                                          **Definition of fetal growth**                                                                                                                                                                                                                **Participants**                                                                                                                                                            **Neurology/neuromotor function**                                                                                                                                                                                               **Cognitive/behavior Outcome measure**                                                                                                                                                                   **Cognitive/behavior findings**                                                                                                                                                                                                                                                             **Conclusion**
  ----------------------- ------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Franz ([@B58])          Single center study (Level 3 Neonatal Unit)                                                             IUGR defined as BW \< −2 SD according to British Growth Reference ([@B59]) expressed as SDS                                                                                                                                                   Born \< 30 wGA and BW \<1,500 g BY 1996--1999 *N* = 297 preterms admitted to neonatal unit Age at assessment: 5.4 y Those with neuromotor and sensory impairment included   Neurological examination: normal, mildly abnormal (minor neurologic signs such as broad gait, dysdiadochokinesis, or dysmetria), severely abnormal (any paresis with or without spasticity, cerebral nerve palsy, or ataxia)\   K-ABC (Mental Processing Composite, MPC)\                                                                                                                                                                MPC associated with IUGR (BW), early neonatal weight gain, head growth post-discharge                                                                                                                                                                                                       Intrauterine growth (weight) and in-hospital weight gain predictor of cognitive outcome\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            GMFCS for level of motor function\                                                                                                                                                                                              Analyses adjusted for GA, sex, multiple birth, ICH \> Grade 3; PVL, ROP \> Grade 3, ventilation \> 7 days, language, maternal education                                                                                                                                                                                                                                                                                                                                                              Post-natal weight gain but not IUGR associated with CP\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            *Findings:* Neuromotor outcome associated with post-natal growth, not IUGR                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           HC growth but not weight gain from discharge to follow-up predictor of cognitive outcome\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Combined contribution of IVH and prolonged mechanical ventilation greater than the combined contribution of growth

  Guellec ([@B7])         Population based; EPIPAGE study, 9 regions in France                                                    *N* = 2,846\                                                                                                                                                                                                                                  All live borns 24--32 weeks GA, born 1997 in 9 regions in France *n =* 2,846\                                                                                               Categorized into presence of absence of cerebral palsy\                                                                                                                                                                         **At age 5 years**:\                                                                                                                                                                                     **29--32 weeks GA group:** Cognitive deficit: AGA 28.7%; MSGA 41.8%; SGA 40.6%\                                                                                                                                                                                                             Growth restriction associated with adverse neurodevelopmental outcomes only in the 29- to 32-week GA group; both SGA and MSGA associated with an increase of cognitive deficiency, behavioral problems, and school difficulties.\
                                                                                                                                  SGA = \<10th centile (9.2%) Mildly SGA (MSGA) = 10th-- \<20th centile (9.6%)\                                                                                                                                                                 Age at assessment: 5 y: 77% neurology; 65% cognitive assessment;71% behavior questionnaires 8 y: 61%                                                                        (SCPE criteria for CP used)\                                                                                                                                                                                                    K-ABC: Mental processing composite score (IQ equivalent).\                                                                                                                                               Behavioral problems: AGA 19.4%; MSGA 15.7%; SGA 23.5%\                                                                                                                                                                                                                                      CP not associated with SGA
                                                                                                                                  AGA = \>20th centile\                                                                                                                                                                                                                                                                                                                                                                                                     *Findings:*\                                                                                                                                                                                                                    Moderate cognitive deficiency: score between 70 and 84; severe cognitive deficiency: score \<70\                                                                                                         School difficulties: AGA 18.4%; MSGA 32.18%; SGA 28 %\                                                                                                                                                                                                                                      
                                                                                                                                  Neonatal internal reference to approach *in utero* growth restriction, similar to Mamelle et al. ([@B60])\                                                                                                                                                                                                                                                                                                                **29-32 weeks GA group:** Cerebral Palsy: AGA 7.7%; MSGA 4.6%; SGA 3.2%\                                                                                                                                                        Behavioral problems: SDQ: inattention-hyperactivity, conduct, emotional, peer problems; total behavioral difficulties score\                                                                             **\<28 weeks GA group:** Cognitive deficit: AGA 38.3%; MSGA 32.1%; SGA 37.5%\                                                                                                                                                                                                               
                                                                                                                                  2 preterm groups: \<28 weeks GA (*n* = 828)\                                                                                                                                                                                                                                                                                                                                                                              **\<28 weeks GA group:** Cerebral Palsy: AGA 14%; MSGA 11.1%; SGA 18.2%                                                                                                                                                         **At age 8 years**:\                                                                                                                                                                                     Behavioral problems: AGA 23.7%; MSGA 27.3%; SGA 33.3%\                                                                                                                                                                                                                                      
                                                                                                                                  28--32 weeks GA (*n* = 2018) Term born (39/40 wGA) reference group (666 children) included at birth in the same regions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   School questionnaire (school difficulties: special schooling institution or special school, special class in mainstream school, mainstream class) or low grades\                                         School difficulties: AGA 33.2%; MSGA 44.8%; SGA 35.3%\                                                                                                                                                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Analyses adjusted for sex, GA                                                                                                                                                                            Analyses controlled for socio-economic factors and sex                                                                                                                                                                                                                                      

  Guellec ([@B61])        Population based; EPIPAGE study, 9 regions in France                                                    4 categories: Symmetric growth restriction (SGR): HC and BW \<20th centile and in the same percentile range; asymmetric growth restriction (AGR): at least 1 of HC and BW \<20th centile and the other in a higher decile range.\             All live borns 26--32 wGA\                                                                                                                                                  Categorized into presence of absence of cerebral palsy (SCPE criteria for CP used)\                                                                                                                                             K-ABC: Mental processing composite score (IQ equivalent), Moderate cognitive deficiency: score between 70 and 84; severe cognitive deficiency: score \<70\                                               SGR: higher risks of both moderate and severe cognitive deficiency. HGR: only higher risk for severe cognitive deficiency\                                                                                                                                                                  SGR associated with impaired cognitive and school performance\
                                                                                                                                  Two forms of AGR: head growth restriction (HGR), weight growth restriction (WGR).\                                                                                                                                                            BY 1997\                                                                                                                                                                    *Findings:* No difference between groups for CP                                                                                                                                                                                 Behavioral problems: SDQ: inattention-hyperactivity, conduct, emotional, peer problems; total behavioral difficulties score                                                                              No difference between groups for behavior\                                                                                                                                                                                                                                                  Outcome of AGR differed according to HC: HGR associated with impaired cognitive function; WGR not associated with cognitive outcome\
                                                                                                                                  AGA: both BW and HC \>20th centile                                                                                                                                                                                                            Age at assessment:\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  SGR: higher rate of school difficulties than AGA children Discussion                                                                                                                                                                                                                        No higher risk for CP in SGR
                                                                                                                                                                                                                                                                                                                                                                                5 y (school performance at 8 y)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Kallankari ([@B62])     Population based (regional cohort, Finland)                                                             FGR defined as BW \< −2 SD from mean of gestation-adjusted birth weight; documented FGR due to placental insufficiency by Doppler ultrasound and histological placental perfusion defect and lack of congenital infections or malformations   Born \<32 wGA (*n* = 154); term born controls (*n* = 90)\                                                                                                                   N/A                                                                                                                                                                                                                             14 subtests from NEPSY II\                                                                                                                                                                               FGR only identified risk factor for impairment in language and memory learning skills in the preterm group; no difference between preterm AGA and FGR group for attention, executive functions, visuo-spatial, sensorimotor function                                                        FGR independently predicts poor language, memory and learning skills
                                                                                                                                                                                                                                                                                                                                                                                BY 1998--2002\                                                                                                                                                                                                                                                                                                                                                                                              6 subtests from WISC-III\                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                Age at assessment: 9 y\                                                                                                                                                                                                                                                                                                                                                                                     Mean scores for 5 domains calculated: visuospatial--sensorimotor processing, attention--executive functions, language, memory--learning and social perception\                                                                                                                                                                                                                                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                *n =* 77 preterms; *n* = 18 (23% FGR), *n =* 27 term controls\                                                                                                                                                                                                                                                                                                                                              Analyses controlled for GA, sex, maternal education                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                Only preterms without CP and without cognitive impairment included                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Kan ([@B63])            Population based; Victorian Infant Collaborative Study                                                  IUGR defined as BW \< −2 SD according to British Growth Reference ([@B59]); expresses as Z-score                                                                                                                                              Born \<28 wGA\                                                                                                                                                              M-ABC 2 for assessment of motor skills (dexterity, ball skills, balance)\                                                                                                                                                       WISC-III for IQ\                                                                                                                                                                                         IUGR not associated with outcome at age 8 years\                                                                                                                                                                                                                                            Intrauterine growth mostly unrelated to cognitive and other outcomes in preterm children without neurosensory impairment, but events between post-birth and age 2 years have an effect on brain growth and function, over and above effects of prematurity
                                                                                                                                                                                                                                                                                                                                                                                BY 1991--1992\                                                                                                                                                              *Findings:* HC or BW, or weight catch up in early childhood not associated with outcome, but, HC age 2 y and age 8 y associated with motor outcome                                                                              WRAT-II for educational skills (reading, spelling, arithmetic)\                                                                                                                                          HC or weight at birth, or weight catch up in early childhood not associated with outcome, but HC age 2 y and age 8 y associated with cognitive outcome                                                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                *n =* 179 (2.2% IUGR);\                                                                                                                                                                                                                                                                                                                                                                                     Analyses adjusted for potential biological and environmental risk factors (IVH grade 3 or 4, cystic PVL, surgery, post-natal steroids; maternal education, social class, other languages than English)                                                                                                                                                                                                                                                                                               
                                                                                                                                                                                                                                                                                                                                                                                Age at assessment: 8 y\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                Those with neurosensory impairment excluded                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Korzeniewski ([@B64])   Multicenter, prospective, observational study (Extremely Low Gestational Age Newborns, ELGAN)           3 groups according to BW *z*-score ([@B65])\                                                                                                                                                                                                  Born \<28 w GA\                                                                                                                                                             GMFCS for gross motor function\                                                                                                                                                                                                 DAS-II, NEPSY-II for general and specific cognitive functions (including executive function, memory, attention, verbal reasoning, visuo-motor precision etc.)\                                           Both severe and less severe FGR similar in having lower scores than no FGR peers in verbal reasoning, listening, comprehension, visuomotor precision, word reading, working memory, pseudoword decoding, and spelling subtests; more problems with social awareness and social cognition\   Severe FGR poses increased risk of multiple cognitive and behavioral dysfunctions\
                                                                                                                                  Severe FGR: \<−2, Less severe FGR: ≥−2 and \<−1\                                                                                                                                                                                              *N =* 889 (93%) of original cohort\                                                                                                                                         MACS for hand function\                                                                                                                                                                                                         WIAT-III for academic achievements (reading, spelling, numerical operations)\                                                                                                                            Severe FGR group lower scores than less severe FGR group for measures of auditory attention and response as well as inhibition switching, inhibition naming, as well as having higher scores on autism screen, and a variety of communication problems                                      There is a positive relationship between severity of FGR and severity of cognitive impairment and behavior\
                                                                                                                                  No FGR: ≥−1                                                                                                                                                                                                                                   BY 2002--2004\                                                                                                                                                              *Findings:* FGR not associated with poorer motor function                                                                                                                                                                       OWLS for language (oral and written), Communication Function Classification Scale, and CCC-2 for communication skills\                                                                                                                                                                                                                                                                                                                                                                               FGR not associated with poorer motor function
                                                                                                                                                                                                                                                                                                                                                                                *n =* 52 severe FGR\                                                                                                                                                                                                                                                                                                                                                                                        SRS for social abilities, SCQ for screen for autism; ADOS-2 for autism diagnosis\                                                                                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                *n =* 113 less severe FGR\                                                                                                                                                                                                                                                                                                                                                                                  Analyses adjusted for sex and racial identity                                                                                                                                                                                                                                                                                                                                                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                Age at assessment: 10 y                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Morsing ([@B66])        Single center study, Sweden                                                                             BW \< −2 SD from mean of Swedish growth standards ([@B53])                                                                                                                                                                                    46 fetuses with IUGR and ARED umbilical artery blood flow; delivered \<30 wGA at level III perinatal center\                                                                Information on diagnosis of CP and GMFCS level, hearing and visual function collected at time of cognitive assessment\                                                                                                          WPPSI-III; WISC-III (IQ)\                                                                                                                                                                                FSIQ and VIQ lower in SGA/IUGR preterms than AGA preterms; PIQ not different; this was driven by poorer performance of male preterm SGA/IUGR children\                                                                                                                                      Male preterm SGA children with IUGR and ARED blood flow *in utero* have poorer cognitive outcome than female preterms with IUGR and AERD\
                                                                                                                                                                                                                                                                                                                                                                                BY 1998--2004\                                                                                                                                                              *Findings:* No difference in CP frequency                                                                                                                                                                                       SDQ, Brown ADD Scale (total scores) for socio-emotional functioning and attention difficulties\                                                                                                          No difference in SDQ and ADD scores                                                                                                                                                                                                                                                         No higher risk for CP
                                                                                                                                                                                                                                                                                                                                                                                Follow-up: *n =* 34 preterm SGA with IUGR, ARED on umbilical arterial flow antenatally *n =* 34 preterm AGA (matched for sex, GA, BY) *n =* 34 term AGA\                                                                                                                                                                                                                                                    Analyses controlled for parental education, neonatal septicaemia, CLD, ICH\>grade 3, PVL, post-natal steroids, ROP grade 3--5                                                                                                                                                                                                                                                                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                Age at assessment: 5--8 y\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                Those with CP not excluded                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  Raz ([@B67])            Single center study                                                                                     IUGR defined as BW \<10th centile; Z-score computed as the deviation of BW from the mean BW gestational age group, at delivery                                                                                                                Born 23--34+6 wGA (mean 28.6)\                                                                                                                                              PDMS-2 for gross and fine motor skills\                                                                                                                                                                                         WPPSI-R for IQ scores\                                                                                                                                                                                   Full Scale IQ poorer in IUGR group; driven by difference in Performance IQ scores                                                                                                                                                                                                           Association between intrauterine growth and cognitive and motor outcome even within the population of preterm children who had adequate standardized birth weight
                                                                                                                                                                                                                                                                                                                                                                                BY 1991--2000\                                                                                                                                                              *Findings:* Difference in gross and fine motor scores with IUGR having poorer motor skills                                                                                                                                      PLS-3 for language skills (auditory comprehension and expressive communication)\                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                *n =* 25 IUGR\                                                                                                                                                                                                                                                                                                                                                                                              Analyses adjusted for sex, no significant difference in socio-economic class between groups                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                *n =* 118 AG (appropriate growth)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
                                                                                                                                                                                                                                                                                                                                                                                Age at assessment: 3--6 y\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                Those with CP and ICH excluded                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

  Tanis ([@B44])          Population based regional cohort---subgroup (Longitudinal Preterm Outcome Project study), Netherlands   BW \< −1 SD and birth weight \> −1 SD according to GA; Dutch Kloosterman curve ([@B45]). Cut-off for SGA (\> 1 SD, below the 16th percentile) according to\                                                                                   Born 31--41 wGA. AGA = 336; 216/336 moderately preterm\                                                                                                                     M-ABC 2 for assessment of motor skills (dexterity, ball skills, balance)\                                                                                                                                                       WISC III (Full Scale IQ)\                                                                                                                                                                                SGA children poorer attentional control, irrespective of GA\                                                                                                                                                                                                                                SGA children higher risk for difficulties with attentional control, irrespective of GA at birth.\
                                                                                                                                  Etude Epidemiologique sur les Petits\                                                                                                                                                                                                         SGA = 42; 216 32/42 moderately preterm\                                                                                                                                     *Findings:* No significant difference between groups                                                                                                                                                                            TEA-Ch: selective attention and Attention control\                                                                                                                                                       No significant difference in other outcome measures                                                                                                                                                                                                                                         General cognitive, executive function, and motor skills not different between AGA and SGA
                                                                                                                                  Ages Gestationnels study                                                                                                                                                                                                                      BY 2002--2003\                                                                                                                                                                                                                                                                                                                                                                                              RAVLT: Verbal memory\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                Age at assessment: 7 y                                                                                                                                                                                                                                                                                                                                                                                      NEPSY-II: Visuomotor integration\                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            BRIEF: Executive functioning in daily life\                                                                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Analyses adjusted for GA and sex                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*AGA, appropriate for gestational age; ARED, absent or reversed end-diastolic blood flow; AGR, asymmetric growth restriction; BW, birth weight; CLD, chronic lung disease; FGR, fetal growth restriction; GA, gestational age; HGR, head growth restriction; ICH, intracranial hemorrhage; IUGR, intrauterine growth restriction; PVL, periventricular leukomalacia; ROP, retinopathy of prematurity; SGA, small for gestational age; SGR, symmetric growth restriction; w, week; WGR, weight growth restriction; y, year. ADOS, Autism Diagnostic Observation Schedule; CCL, Children\'s Communication Scale; CP, Cerebral Palsy; CSI, Child Symptom Inventory; Brown ADD, Brown Attention-Deficit Disorder Scales; BRIEF, Behavior Rating Inventory of Executive Function; CBCL, Child Behavior Checklist;; DAS, Differential Ability Scales; GMFCS, Gross Motor Function Classification Scale; K-ABC, Kaufmann Assessment Battery for Children; MACS, Manual Ability Classification Scale; M-ABC, Movement ABC for Children; MPC, Mental Processing Composite; NEPSY, A Developmental NEuroPSYchological Assessment; OWLS, Oral and Written Language Scales; PDMS, Peabody Developmental Motor Scales; PLS, Preschool Language Scale; RAVLT, Rey\'s Auditory Verbal Learning Test; SCQ, Social Communication Questionnaire; SDQ, Strengths and Difficulties Questionnaire; TeaCH, Test of Everyday Attention in Children; WIAT, Wechsler Individual Achievement Test; WISC, Wechsler Intelligence Scales for Children; WPPSI, Wechsler Preschool and Primary Scale of Intelligence; WRAT, Wide Range Achievement Test. The terms SGA, IUGR, FGR were used as in the study that is described*.

Neuromotor Outcomes
-------------------

An association between SGA and/or FGR with CP in children born preterm has been reported from CP registers, for example, from the Surveillance of Cerebral Palsy in Europe (SCPE), who found that those born with BW for GA below the 10th percentile (using fetal growth standards) had a higher risk for CP than those with a BW between 25th and 75th centile. This was found for the GA range of 32--41 weeks and was similar for all CP subtypes. The association between SGA at birth and CP, however, was not as clear for those born very or extremely preterm. Interestingly, a higher risk is also reported for those with BW above the 97th centile ([@B11]). Similar data are reported from other cohorts. For example, Jacobsson ([@B49]), using data from the CP register for West Sweden, after adjustment for maternal height, weight in early pregnancy, parity, ethnic origin and baby\'s sex, did not find an increased proportion of children who were SGA at birth in the preterm group (born \<36+6 wGA), whereas in the term born group children with CP were significantly more likely to have been SGA at birth. It should be kept in mind that these are associations and that this does not necessarily mean that growth restriction causes CP. For very and extremely preterm children, the evidence suggests that other biological risk factors, in particular, focal preterm brain injury, pose a higher risk for severe neuromotor impairment than growth restriction. The findings of the studies reviewed here ([Table 2](#T2){ref-type="table"}) do not suggest that SGA and/or FGR pose a significant independent risk for CP in children born preterm, and this appears to be the case across the preterm gestational age range ([@B7], [@B49], [@B58], [@B61], [@B66]). Post-natal growth appears to be an important factor as, for example, indicated by the study by Franz et al. ([@B58]) in school aged children born \<30 wGA and BW \<1,500 g, who found that neuromotor outcome was associated with post-natal growth but not FGR, and this was still the case once analyses had been adjusted for important other biological risk factors including brain injury.

Neuromotor function in the absence of CP has been reported by several groups. The studies reviewed here report contradictory findings. Tanis ([@B44]), examined motor skills with the M-ABC in school aged children born 31--41 weeks of gestation in a population based cohort in the Netherlands, and did not find a difference in motor skills for the moderately preterm group between those who were AGA and those who were SGA at birth. Korzeniewski et al. ([@B64]), reported for the extremely preterm born ELGAN cohort no differences in motor function (assessed with the GMFC and MACS) at school age between those born after FGR and those without FGR. In another study in extremely preterm children Kan et al. ([@B63]), report M-ABC data from the Victorian Infant Collaborative study, a population based study of children born extremely preterm, and did not find an association between motor skills and FGR. However, they did see a significant association between head circumference at age 2 years and age 8 years with motor skills, suggesting that post-natal and post-neonatal brain growth is a crucial factor for motor outcome at school age, independently of presence of absence of FGR. In contrast to the findings by Kan ([@B63]), Tanis, and Korzeniewski ([@B44], [@B63], [@B64]) from 3 large population based cohorts, Raz et al. ([@B67]), report for a single center study of children born \<34+6 wGA, using the PDMS-2, poorer gross and fine motor skills as well as performance IQ scores, for those with FGR compared to those born with appropriate for GA birth weight, and, importantly, an association between intrauterine growth and motor skills as well as Performance IQ even in those who had adequate standardized birth weight. Despite these inconsistent findings between studies, it appears to emerge that post-natal and post-neonatal brain growth is more important than intrauterine growth for neuromotor development in those who do not develop CP, which is also supported by Neubauer et al. ([@B68]), who examined 448 children born \<32 w GA (19.9% SGA), and found that head size at age 3 months was the best predictor for motor (and cognitive) outcome at age 24 months. Visuo-motor skills at age 11 years were examined in the study by Kok et al. ([@B69]), for a cohort of preterm children (born \<33 wGA) born FGR and who had antenatal Doppler studies performed; comparison was made between the group with and without "brain sparing." No significant differences were see in any of the tests (Beery-Buktencia Developmental test of Visuo-motor Integration, Motor Accuracy Test (MAT), Motor-Free Visual Perception Test (MVPT-R), and the balls skills subtest from the M-ABC).

Cognitive and Behavioral Outcomes
---------------------------------

It is well-known that prematurity, in particular, very and extremely preterm birth, poses a risk for impairment of general cognitive abilities as well as difficulties in specific cognitive functions such as memory functions, processing speed, cognitive flexibility, attentional abilities, as well as socio-emotional behavior, all of which will affect for academic progress and peer relationships. Being born preterm and SGA and/or having FGR may be an independent risk factor for impairment of long term cognitive and behavioral outcomes, over and above other relevant biological and social risk factors. Long term outcomes of preterm birth are affected by a number of factors and it is often complicated to establish an independent effect of SGA and/or FGR on long term cognitive outcomes in the context of prematurity. Often, those who are SGA and/or have had FGR, also are those who, compared to those born AGA, have more other neonatal morbidities that have been show to affect outcome (such as chronic lung disease, neonatal sepsis, etc.), which has been illustrated, for example, by the large EPIPAGE study ([@B61]). In addition, often, there are no detailed fetal growth measures or information on fetal Doppler studies available, which can make it difficult to establish the exact cause of a preterm infant\'s SGA birth weight. Direct comparison of study findings is difficult since slightly different criteria for definition of SGA and/or FGR are used in different studies. In addition, although most studies have assessed general cognitive abilities with either the Wechsler Intelligence Scales ([@B44], [@B62], [@B63], [@B66], [@B67]), the Kaufmann ABC ([@B7], [@B58], [@B61]), or the NEPSY assessment ([@B62], [@B64]), different studies focused on different specific cognitive functions, and there is a large variety of different tests used. Furthermore, in some studies participants with neurosensory impairment were not excluded from analyses on cognitive and behavioral function, which complicates comparison with those studies in which only those without neurosensory impairment were assessed. However, overall, the studies reviewed here suggest that preterm children born SGA and/or having had FGR, compared to their AGA preterm peers, are at increased risk of developing cognitive and behavioral difficulties, although some study findings are inconsistent. With the exception of the study on the Victorian Infant Collaborative Study cohort ([@B63]), who did not find an association between FGR and cognitive abilities at school age, but between post-neonatal head growth and cognitive development, the large multicenter or population based studies reviewed here ([@B7], [@B44], [@B61], [@B64]) report an effect of FGR (it has to be kept in mind that in most studies SGA was used as a surrogate marker for FGR) on long term cognitive function, and, in the majority of the studies, this was still the case once other biological and social risk factors are considered. Guellec ([@B7]), reported school age outcome data for the EPIPAGE cohort (GA range 24--32 weeks) and divided the SGA participants into 2 groups, mildly SGA and SGA, and also formed 2 GA groups (\<28 wGA, 29--32 wGA). They found impaired cognitive function, behavioral problems, and school difficulties at school age were more frequent in both the mildly SGA and the SGA born children in the 29--32 wGA group but not in the more immature GA group.

Korzeniewski et al. ([@B64]), examined school age outcomes for the extremely preterm (\<28 wGA) born ELGAN cohort, focusing on general and specific cognitive abilities (including executive function, memory, attention, verbal reasoning, visuo-motor precision), communication abilities, and socio-emotional behavior. They did find overall a positive relationship between severity of FGR and severity of cognitive impairment and behavior for most areas assessed, and, in addition, that those with the most severe FGR also had more problems than those with less severe FGR in auditory attention, inhibition switching, inhibition naming, higher scores on autism screen, and a variety of communication problems. Kallankari et al. ([@B62]), followed a Finnish cohort of children born at a more mature GA (\<32 wGA) for whom FGR due to placental insufficiency was documented by Doppler ultrasound and histological placental perfusion defect. They reported that FGR independently predicted poor language, memory and learning skills, but did not find an effect of FGR on attention, executive function, visuo-spatial, or sensorimotor function. For a cohort with a larger range of GA at birth (31--41 wGA), Tanis et al. ([@B44]), established that those born SGA were at higher risk for difficulties with attentional control, irrespective of GA at birth, but that there was no difference to those born AGA for measures of general cognitive abilities, executive function, visuomotor integration, or memory function. These findings on attention difficulties in children born SGA and/or FGR are consistent with those from a large nationwide case-control study in Finland that investigated associations between prematurity and fetal growth in relation to Attention Deficit Hyperactivity Disorder (ADHD) ([@B70]). This study found that prematurity was a risk factor for ADHD across the preterm gestational age range, and that with lowest weight for GA (\< −2 SD) had the highest risk for ADHD, together with those being more than 2 SD large for GA.

Some studies have investigated childhood outcomes of preterm children born SGA and/or FGR for whom information on umbilical artery blood flow was available. Morsing et al. ([@B66]), examined outcome in a cohort of fetuses with FGR and absent or reversed end-diastolic umbilical artery (AERD) blood flow who were delivered before 30 wGA, and compared them to a control group of preterm infants of the same GA born with AGA birth weight. At school age those with AERD had poorer full scale and verbal IQ than those born AGA and this difference was driven by the poor performance of male participants in the FGR/AERD group. These findings are inconsistent with those of Valcamonico et al. ([@B71]), who found a higher incidence of severe neurological problems (CP, visual and/or hearing impairment) but no difference in general cognitive abilities in a group of very preterm born (mean GA at birth 33.3 weeks; 35 % SGA with BW \<5th centile) school aged children who had AERD when compared to a group of children (mean GA at birth 30.8 weeks; 38% SGA) who did not have AERD. It is possible that the difference in outcomes between these studies are explained by the different proportions of children having been SGA at birth, despite all having had AERD; furthermore there are differences between studies in the methodology of the Doppler studies and definition of SGA and/or fetal growth. van den Broek et al. ([@B72]), compared behavior in a large cohort of 11 years old children born preterm (\<33 wGA) in whom weekly antenatal Doppler studies were done to assess the ratio between umbilical and cerebral pulsatility index (U/C ration) for assessment of "brain sparing." In this study, rather than using centile curves, fetal growth ratio was defined as the ratio of the observed birth weight to the expected mean birth weight for gestational age, based on Dutch intrauterine growth curves. At age 5 years significant difference in the proportion of those with Full Scale IQ \<85 in the group with "brain sparing," but no significant difference for mean FS IQ between the groups. At age 11 years no significant association was seen between parent and teacher rating of behavior on the CBCL and U/C ratio after controlling for neonatal variables and IQ at age 5 years, indicating that "brain sparing" was not an independent risk factor for behavioral difficulties at age 11 y.

Most of the existing studies in term born babies use growth or birth weight \<10th centile, often based on different growth standards, as definition of FGR. Using more stringent FGR bands may be useful in future work in order to examine in more detail whether there is an effect of only severe FGR on development. Kan et al. ([@B63]) studied long term cognitive outcome in extremely preterm born children, using stricter criteria for FGR (\< −2 SD) and did not find an association between FGR and outcome, but strong associations between post-natal head growth and outcome, which emphasizes the importance of head growth, very likely independently of the severity of FGR. The importance of post-neonatal head growth for cognitive development in children born SGA and/or FGR has also been highlighted by the study by Franz et al. ([@B58]), who reported for a single center cohort born \<30 wGA that FGR, in-hospital weight gain, and post-neonatal head growth (but not weight gain) predicted general cognitive abilities at school age ([@B63]).

Conclusions {#s4}
===========

Overall, existing studies are heterogeneous, for example, with regards to definitions of growth restriction and small for gestational age, time of onset of FGR, inclusion and exclusion criteria, outcome measures, all of which makes comparison between studies difficult.

However, in summary, the literature reviewed here suggests that cognitive development in term born children is not hugely impacted by them being born SGA or FGR, particularly in the case of general intellectual function, on which the majority of studies have been conducted. There is some limited evidence that term born growth restricted children may experience problems with attention, and such difficulties may have more impact on children\'s learning and behavior as they progress through school, suggesting that this would be a useful area for further work. The risk for developing CP is higher in children born SGA with FGR; currently there is contradictory information available on neuromotor function in the absence of CP.

In contrast, preterm born SGA and/or FGR children are at great risk of poorer general intellectual functioning than their AGA counterparts. These children are also at risk for difficulties with attentional control, and some studies suggest that memory, executive function, and communication skills are also affected. It does not appear that SGA and/or FGR *per se* pose a higher risk for CP; information on motor outcome in the absence of CP is, similar to the term born children, somewhat contradictory.

Post-neonatal head growth and head growth in infancy and early childhood emerges as an important factor for long term neurodevelopmental outcome.

There is some inconsistency between the conclusions of our review of school aged children and those studies that report follow up data acquired in the toddler years. This could result from certain cognitive difficulties taking time to emerge and/or these being more subtle problems that are nevertheless clinically and functionally important. It is important to continue to follow up children into the school age years because these difficulties may take time to emerge, and may be more visible in the more demanding school environment.

Author Contributions {#s5}
====================

BV and CE have made equal contributions to this work. Both provide approval for publication of the work and agree to be accountable for all aspects of the work.

Conflict of Interest Statement
------------------------------

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

AGA

:   appropriate for gestational age

ANT

:   Amsterdam Neuropsychological Tasks

AGR

:   asymmetric growth restriction

ARED

:   absent or reversed end-diastolic blood flow

BW

:   Birth weight

BL

:   Birth Length

BRIEF

:   Behavior Rating Inventory of Executive Function

CLD

:   Chronic lung disease

CP

:   Cerebral Palsy

FGR

:   Fetal growth restriction

FSIQ

:   Full Scale IQ Score

GA

:   Gestational age

HC

:   Head Circumference

HGR

:   Head growth restriction

ICH

:   Intracranial hemorrhage

IQ

:   Intelligence Quotient Score

IUGR

:   Intrauterine growth restriction

K-ABC

:   Kaufmann Assessment Battery for Children

M-ABC

:   Movement ABC for Children

MHPT

:   Moray House Picture Test

NEPSY

:   A Developmental Neuropsychological Assessment

PIQ

:   Performance IQ Score

POBW

:   Percentage of optimal birth weight

RAVLT

:   Rey\'s Auditory Verbal Learning Test

ROYCF

:   Rey Osterreith Complex Figure test

SES

:   Socio-economic status

SGA

:   Small for gestational age

TeaCH

:   Test of Everyday Attention in Children

VIQ

:   Verbal IQ score

WASI

:   Wechsler Abbreviated Scales of Intelligence

w

:   Week

WGR

:   Weight growth restriction

WISC

:   Wechsler Intelligence Scales for Children

WISC-R

:   Wechsler Intelligence Scale for Children -- revised

WPPSI

:   Wechsler Preschool and Primary Scale of Intelligence

WRAT

:   Wide Range Achievement Test

y

:   Year.
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